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2D/3D display apparatus 



The invention relates to a display apparatus provided with a display device for 
displaying images comprising pixels and further provided with means for switching between 
different types of images originating from the pixels. 

The different types of images between which switching takes place are usually 
5 a two-dimensional image and a three-dimensional image. Said display apparatus is then 
suitable, for example, for a plurality of applications, for example, for displaying (moving) 
stereo images, on the one hand, and graphic text, on the other hand. 

The display device for generating the images may be a liquid crystal display 
device, but also another suitable display device, for example, a device based on 
1 0 electroluminescence or switchable mirrors, 

A display device of this type is shown in USP 6,069,650. In this document, a 
liquid crystal material is described which is present between a flat substrate and a substrate 
provided with elements having a lens action, in this case lens-shaped elements (referred to as 
lenticular sheet) and is switched between two states. In one state, the liquid crystal material 
15 has a refractive index which is substantially equal to that of the material of the lenticular 
sheet, and the information for both eyes is the same (two-dimensional image). In the other 
state, the liquid crystal material has a refractive index which is different from that of the 
material of the lenticular sheet. Also by suitable drive of the pixels, the information is now 
different for both eyes (three-dimensional image). 
20 With a suitable liquid crystal material (having a small temperature 

dependence, the difference of refractive index between the two states is such ( of the order of 
0.2) that the elements, which are lens-shaped in this case, require a large curvature so that the 
layer of liquid crystal material shows differences of thickness and, consequently, an uneven 
switching behavior. 

25 Moreover, the liquid crystal material is anisotropic. This means that, for light 

passed through the liquid, the difference of refractive index between the ordinary and the 
extraordinary refractive index is not the same in all directions. Consequently, the behavior of 
the display device, if optimized for one viewing angle, will be poorer for other viewing 
angles (angle dependence). 
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It is, inter alia, an object of the present invention to eliminate said drawbacks 
as much as possible. In accordance with a first embodiment of the invention, the means for 
switching between the different types of images therefore comprise at least one reservoir 
which is provided with elements having a lens action at the area of a wall of the reservoir and 
5 is also provided with means for filling, at the area of the elements having a lens action, the 
reservoir between the wall provided with elements having a lens action and a facing 
transparent wall with a fluid having a refractive index which is substantially identical to that 
of the elements having a lens action. 

Since an isotropic medium is present in this case, both in the presence and 
10 absence of the fluid between the flat substrate and the substrate provided with elements 
having a lens action, said angle dependence is now negligible. Moreover, the difference of 
refractive index between a suitable fluid and air is usually larger than said 0.2 (in a typical 
example about 0.48) so that a smaller thickness of the lenticular sheet is sufficient 

The light-transmissive part will neither require any (ITO) electrodes or 
15 coatings so that the transmission is enhanced. 

In a second embodiment of the invention, the means for switching between the 
different types of images comprise at least one reservoir which is provided with elements 
having a lens action at the area of a wall of the reservoir, and the reservoir contains at least 
two substantially immiscible fluids having a different refractive index as well as a difference 
20 of electrical conductivity, while the display device is also provided with drive means for 

displacing the fluids with respect to each other. The reservoir may be limited to one pixel in 
this case, but it may be alternatively common for a plurality of pixels. 

These and other aspects of the invention are apparent from and will be 
elucidated with reference to the embodiments described hereinafter. 



In the drawings: 

Fig. 1 is a cross-section of a display device according to the invention, while 
Fig. 2 shows a typical application, and 
30 Fig. 3 shows a variant of Fig. 1. 

The Figures are diagrammatic and not drawn to scale; corresponding parts are 
generally denoted by the same reference numerals. 
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Fig. 1 is a diagrammatic cross-section of a part of a display device 1 with a 
liquid crystal panel 2 comprising a plurality of pixels 3. The display device is customarily 
provided with a (flat) light source or backlight 4. For the sake of simplicity, only the pixels 3 
and the backlight 4 are shown. Substrates and other possible elements such as polarizers, 
retardation foils, etc. are not shown in Fig. 1 . 

The device of Fig. 1 further comprises a reservoir 5 which is provided with 
transparent elements having a lens action 6 at the area of a transparent wall 7 of the reservoir 
5. The reservoir 5 further has a transparent wall 10 facing the wall 7. In this example, the 
reservoir 5 is sealed with an extra portion 5 a . This extra portion 5 a does not belong to the 
actual pixel and is preferably covered with a black mask 13. 

The reservoir 5 of, for example, glass is adapted in such a way that it can 
switch between a first state, in which the reservoir between the wall 7 and the transparent 
wall 10 is completely filled with a fluid having a refractive index which is substantially 
identical to that of the lens-shaped elements, and a second state in which there is no fluid 9 
between the wall 7 and the transparent wall 10. The first state is shown in the left-hand part 
of Fig. 1, in which the space between the walls 6, 10 is filled with a salt solution 9 a , in this 
example a mixture of 30% by weight of water and 70% by weight of cesium metatungstate. 
This mixture has an isotropic refractive index of approximately 1,486 which is substantially 
equal to that of the lens system used which, in this example, consists of an UV-tempered 
polymer acrylate. Other metatungstates may be alternatively used such as, for example, 
ammonia metatungstate, or other suitable salt solutions. 

In this state, light coming from the backlight 4 is substantially not refracted by 
the lens-shaped elements 6, as is indicated by arrows 14 in Fig. 1 . 

The second state is shown in the right-hand part of Fig. 1, in which the space 
between the walls 6, 10 is filled with air, which is denoted by reference numeral 9 b , having an 
isotropic refractive index of approximately 1. In this state, light coining from the backlight 4 
is refracted by the lens-shaped elements 6, as is indicated by arrows 1 5 in Fig. 1 . 

The difference in both states is thus determined by the absence or presence of 
the fluid 9 a between the wall 7 and the wall 10. The presence or absence may be realized, for 
example, by means of pumping. Electronic pumping is suitable in this respect, while an 
alternative possibility is electrowetting, notably when small surfaces are concerned. Pumping 
may be accelerated by using, instead of air, a liquid having a low refractive index. 

Fig. 2 shows how the display device 1 of Fig. 1 can be used. In this Figure, a 
part of a panel 2 is shown with a part of a reservoir 5 which is provided with lens-shaped 
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elements 6 and has some typical light paths associated with pixels (or columns of pixels) A, 
B, C, D. Fig. 2 A is related to the situation of the second state described above, in which light 
from each pixel (or columns of pixels) A, B, C, D is refracted in a different way by the lens- 
shaped element 6 (denoted by dotted lines, solid lines, broken lines and dot-and-dash lines, 
5 respectively). Due to the lens action of the lens-shaped elements 6, the light from the pixels 
(or columns of pixels) A, B, C, D is deflected in different directions and a viewer sees light 
coming from different pixels with different eyes (stereo image). In Fig. 2B, related to the 
situation of the first state described above, the lens action is eliminated and the viewer sees 
all pixels (columns of pixels) A, B, C, D with each eye. 

10 If necessary, the fluid 9 a may also be pumped partly between the wall 7 and 

the wall 10, for example, when simultaneously displaying text and a stereo image on a panel 

The protective scope of the invention is not limited to the embodiments 
described. For example, instead of a liquid crystal display device it is alternatively possible to 
use other suitable display devices based on, for example, electroluminescence or switchable 

15 mirrors. Several variations are also possible for the implementation of the elements having a 
lens action. 

Finally, the variant of Fig. 3 shows a display device with a plurality of sub- 
reservoirs 5 1 containing, in a transparent, for example, glass or plastic envelope, two liquids 
or fluids 9 a , 9 b (with isotropic refractive indices of about 1 .486 and about 1 .3), which do not 

20 mix with each other and one of which is electrically conducting and the other is insulating. In 
this example, the sub-reservoirs contain, for example, an aqueous solution 9° (electrically 
conducting) of, for example, a metatungstate, whereas a non-polar oil such as an alcane (for 
example, dodecane or hexadecane), a silicon oil, chloronaphtalene, bromonaphtalene or 1- 
bromododecane is chosen as an insulating fluid. 

25 If necessary, the fluids 9 a , 9 b can change places within the glass or plastic 

envelope. 

For the purpose of electrically switching between two states (two and three- 
dimensional, denoted by 2D and 3D in Fig. 3), each sub-reservoir comprises an electrode 16, 
coupled to the electrically conducting fluid, and a further electrode 17, coupled to a 
30 transparent (ITO) electrode 22 which is coated with a hydrophobic coating 23. Via the 

electrodes 16, 17, individual pixels or a plurality of pixels are jointly provided with voltages 
(via a potential V of a voltage source 18 shown diagrammatically). Although the electrodes 
are shown outside the reservoir for the purpose of understanding the invention, they are 
provided within the reservoir in practice and insulated from the fluids by means of an 
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insulating coating having a low wetting hysteresis such as a fluoropolymer. The other 
reference numerals have the same significance as in the previous embodiment. 

The electrically conducting fluid is attracted by electrostatic forces on the 
electrodes. The electrostatic forces determine the mutual position of the fluids. By changing 
5 the potential V, the location of the fluids can thus be influenced. The potential may also be 
provided on the conducting liquid via capacitive coupling. 

Dependent on providing or not providing the potential V, the interface 
between the fluids in Fig. 3 is substantially parallel to the upper and lower wall of the sub- 
reservoir (2D image, there is no refraction at one of the interfaces) or (in this embodiment) 
10 substantially parallel to the side walls (3D image, there is refraction at the interfaces between 
the lens-shaped element 6 and the fluid 9*). 

In this embodiment, the electrode 6 is only shown on the lower side of the 
pixel because this is favorable when joining a plurality of pixels on one substrate, for 
example, in a matrix display device. In other cases, it is advantageous to provide the 
15 electrode 6 also along the wall of the reservoir 13. This is diagrammatically shown by way of 
broken lines in Fig. 3. 

Instead of the lens-shaped elements 6, other elements having a lens action may 
be alternatively used such as, for example, a graded index lens or a Fresnel structure. 

The invention resides in each and every novel characteristic feature and each 
20 and every combination of characteristic features. Reference numerals in the claims do not 

limit their protective scope. Use of the verb "comprise" and its conjugations does not exclude 
the presence of elements other than those stated in the claims. Use of the article "a" or "an" 
preceding an element does not exclude the presence of a plurality of such elements. 
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CLAIMS: 



1 . A display apparatus provided with a display device for displaying images 

comprising pixels and further provided with means for switching between different types of 
images coming from the pixels, in which the means for switching between the different types 
of images comprise at least one reservoir which is provided with elements having a lens 
5 action at the area of a wall of the reservoir and is also provided with means for filling, at the 
area of the elements having a lens action, the reservoir between the wall provided with 
elements having a lens action and a facing transparent wall with a fluid having a refractive 
index which is substantially identical to that of the elements having a lens action. 

10 2. A display apparatus as claimed in claim 1, wherein the switching means 

switch the display device between a stereoscopic image and a plane image. 

3. A display apparatus as claimed in claim 1, wherein the reservoir contains a 
fluid having a refractive index which is substantially identical to that of the elements having a 

15 lens action contains a plurality of fluids having substantially the same refractive index. 

4. A display apparatus as claimed in claim 1, wherein the pitch of the elements 
having a lens action is larger than that of the pixels. 

20 5. A display apparatus as claimed in claim 1, wherein the fluid comprises a 

metatungstate. 

6. A display apparatus provided with a display device for displaying images 

comprising pixels and further provided with means for switching between different types of 
25 images coining from the pixels, in which the means for switching between the different types 
of images comprise at least one reservoir which is provided with elements having a lens 
action at the area of a wall of the reservoir, and the reservoir contains at least two 
substantially immiscible fluids having a different refractive index as well as a difference of 
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electrical conductivity, said display device being also provided with drive means for 
displacing the fluids with respect to each other. 

7. A display apparatus as claimed in claim 6, wherein the switching means 
5 switch the display device between a stereoscopic image and a plane image. 

8. A display apparatus as claimed in claim 6, with two immiscible fluids having a 
different refractive index, one of which is electrically conducting and one of which is 
substantially insulating. 

10 

9. A display apparatus as claimed in claim 6, wherein the drive means comprise 
at least two electrodes at the area of the wall of the reservoir, which electrodes can be 
electrically coupled to the fluids. 
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